Introduction
The air side pressure loss in a cooling tower fill is one of the most important design criteria for cooling tower systems. This value is obtained by measuring pressure drop across the fill. One of the selecting parameters for optimum filling material is low air side pressure loss. The energy consumption of cooling tower fans is increased by increasing this pressure drop value. So, this value must be low for filling materials. However, the volumetric heat transfer coefficient of filling materials must be high. These two criteria and some other criteria such as water chemical composition and air cleanness are used for selecting fill material type.
The empirical equations have been published in the literature for the air side pressure loss of cooling tower fills. Goshayshi and Missenden [1] used the following form of equation to represent the pressure loss of film type fill: = 1 ( ) 0.35 ( ) 0.55 (1) where c 1 is the empirical constants that depend on the fill type. Their tests were done seven types of counter flow film type fills. In these tests, the air stream values are very low for the industrial applications [2] .
Milosavljevic and Heikkila [3] (5) In this study, curler, film and splash type cooling tower filling materials were compared with air flow pressure loss. There is no study about this topic in the literature. This study presents important comparison about air flow energy consumption of towers with various filling types.
Experimental Setup
Film, curler and splash type fills were tested in the forced draft counter flow cooling tower unit shown in Fig. 1 . The cross-section area and the total height of the tower were 0.4x0.4 m 2 and 1.8 m.
respectively. The three different filling material heights (0.6, 0.8 and 1 m.) were used in the experiments. Water was pumped with two centrifugal pumps. A by-pass water pipe line and by-pass valve was used to adjust water mass flow rate. The water mass flow rate was measured with water flowmeter which has 2" diameter. The measuring sensitivity of flowmeter was % 0.7 at 30 °C water temperature. Water flow was homogeneously distributed with full-jet type nozzle and constant water temperature (± 1 °C accuracy) was obtained with water depot.
Air flow was adjusted with frequency controlled centrifugal fan. The air mass flow rate was measured at end of the air channel (point 1) shown in Fig. 1 . The length of air channel was calculated for obtaining fully developed air flow. In air channel, flow type is turbulent. At this flow type, the air flow can be assumed as fully developed after critical length. This critical length can be assumed as ten times the hydraulic diameter of air channel. In this study the cooling tower type is an induced draft model. So, air flow in the tower, designed for induced draft operation and the air flow could be accepted as "homogenous". The air flow was measured with 16 mm diameter Testo Vane type probe. This has ± %1 measuring accuracy. This probe was connected to data logging system. The measuring values were digitally monitored and logged.
The pressure loss of air flow was measured in the system between point 2 and point 3 shown in Fig. 1 . The pressure loss measuring cables' ends were closely located to the centers of the air channel and the tower for obtaining accurate measurement values. This condition is important at rectangular channels [6] . The measuring cables were connected to Testo 454 digital data logging system. The measuring values were monitored and saved during the experiments. Differential pressure gauge accuracy is ±0.5% [7] . 
Conclusions
Equation (6), (7) and (8) will accurately correlate measured pressure loss values for film, curler and splash type fills respectively. Influence of the air flow rate on the heat transfer coefficient is neglected because it is not topic of this study. Only pressure loss of the fillings has been investigated in this study. The lower pressure loss values were obtained with splash fill for 0.6 m. and 0.8 m fill heights than others. However, the pressure loss values for all fill types were similar values at 1 m. fill height condition. The pressure loss values obtained with splash fill increase more rapidly with increasing air mass flux.
It was concluded that; the most effective parameter is the air mass flux and the least effective parameter is the water mass flux for cooling tower air-side pressure loss. However, the fill height parameter can be assumed the second most effective variable for air pressure loss. The pressure loss of film type filling is 29.1% higher than splash type.
These results give useful information to the cooling tower designers for calculating the pressure loss values of cooling tower air flow. Especially there is no sufficient works about the pressure loss values of air flow obtained with the curler type fills. This fill type can be used widely in industrial applications such as dirty and limy water cooling, dusty ambient air flow and higher than 60 °C inlet water temperature applications. 
